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fiVftTgTWf. nFVICE AND METHOD FOR I ^CTECmON OF SEVFR AT, INDIVIDUAL 
AN Al VTTFS IN A SOLUTION 

The present inveation relates to a system, device and method for detection of several 
5 individual analytes in a test solution aliquot The detection is performed with an array of 
individually qperated piezoelectric crystal microbalanc«s connected to a connectmg station. 
BACK(3lOUND 

There is a large number of patents directed to the detection of a predetermined 
ch^cal or biomolecule in a solution by use of a piessoelectric crystal microbalance, for 

10 example. US patents Nos. 4,735906. 4.789, 804, and 5,705399. However, when the presence 
of several individual chemicals or biomolecules (analytes) are to be determined in tiie same 
solution aliquot, then it would be advantageous to have a system, device and meOiod that can 
simultaneously handle a plurality of microbalances which are individually specific for one of 
tiie analytes to be detected. Su€h a system, device and method would be particularly useful for 

IS screening of a large numb^ of sanities in a short tune period, and in cases vAere the solution 
aliquot to be tested is small and a number of amdytes are to be detected in the same solution 
aliquot. 

DESCRIPTION OF THE INVENTION 

The invention provides a systan, device and method tiiat enables detection of 

20 several individual analytes in a test solution aliquot by use of individually operated 

piezoelectric crystal nucrobalances with an interconnected flow path for flowing a solution, 
and a test solution aliquot, to and through a cell con4>artmmt of each miorobatance. The 
system and device conqirise a connecting station for receiving and controlling an airay of 
individually specific piezoelectric oystal microbalance flow-tiumtgh cells. The cells are 

25 preferably automatically operatively connected to a flowing unit and a powa and 
measurement unit when fhey are plugged inte fhe connecting station. 

The individually qiecific pi^soelectric microbalance flow-throu^ cells are 
specific for detection of a predeteimined analyte due to at least one activated coating situated 
within ifae cell The pi^electric oystal carries two electrodes that are used for the oscillation 

30 ofthe crystal. At least one ofthe electrodes has a coating that exposes a predetermined 

chemical or biomolecule bdng fhe first member of an interaction pair, or tiie coating will be 
activated with the first member prior to introduction of tiie test sohition aliquot in case die 
first member is from start situated at a distance fix>m tiie electrode, e.g. during transport and 
storage of a pre-prepared cell. 
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la case this first member of the interaction pair is covalently or irreversibly 
immobilize on the electrode coating and the test solution aliquot contains the predetennined 
analyte and the interaction pair is formed, a change m oscillating chamcteristics of the a^stal 
is obs^ed and measured due to oihanced mass on the electrode(s). This type of analysis is 
S usually called weight gain assay. 

In case this first member of ttie interaction pair is reversibly bound to the 
electrode coatmg and the test solution aliquot contams the predetermined analyte and the 
interaction pair is formed, a change in oscillating characteristics of the crystal is observed and 
measured due to loss of mass on the electrode(s). This type of analysis is usually called 
10 displacement assay 

A special embodhnent of the present invention is when ttie coating exposing the 
first member of the interaction pair is situated at a distance fixim the electrodes and the first 
member is reversibly bound to the coating. When a second mOTiber of an interaction pair is 
present in the test solution aliquot » the first member is displaced fix>m the coating as it 
1 S interacts with the second member to form the interaction pair. This interaction pair is 

displaced firom the surface, subsequently attracted and adsorbed by a second coating on the 
electrode, thus resulting in a measurable mass enhancement on the electrode, measured by a 
decrease of the firequency and Q-value. 

In a presently preferred enibodiment of this special embodiment of the 
20 invention, the second coating that is situated on one or both of the electrodes is e.g. a protein 
that attracts and adsorbs an antibody-antigen complex. Exanqiles of such proteins are Protein 
A and G. 

There are several oscillating characteristics that can be measured, e*g. serial 
capacitance, Q-value and resonance firequencies. Measurements of different oscillating 
25 characteristics are previously known in the art of piezoelectric crystal microbalances. 

The piezoelectric crystal electrodes comprise a metal surface, which is coated 
with a coating as described above on one or both electrodes. The metal of the sur&ce is 
preferably selected fix>m the group consisting of gold, silver, alumintmi, nickel, chrome and 
titan. The crystal of the piezoelectric electrode is e.g. a fipequently used quartz crystal, an 
30 alumiimm nitride (AIN) crystal or a sodium potassium niobiates (NKN) crystal. 

Examples of interaction pairs that can be detected m tiiie present invention 
include anions-cations. antibodies-antigens, receptor-ligand, enzyme-substrate, 
oligonucleotide-oligonucleotide with complementary sequence, oligonucleotide-protein, 
oligonucleotide-cell, and peptide nucleic acid (PNA) oligomer - polynucleotide, wherein the 
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polynucleotide may be selected fiom Uie group consisting of RNA, DNA and PNA polymers 
conqilemeiitaiy to the PNA oligomer. 

Thus, one aspect of ttie invmtion is directed to a system for detection of several 
'individual analytes in a test solution aliquot wilfa an array of individually operated 
piCToelectdc crystal microbalancesy comprising 

a connectiqg staticm for receiving and controlling an array of individually 
specific piezoelectric crystal microbalance flow-through cells, \dierein each cell comprises a 
cell compartment containing at least one piezoelectric crystal carrying two electrodes and at 
least one coating exposing a ISrst mernber of an interaction pair specific for an individual 
analyte being a second member of the interaction pair to be detected in the test solution 
aliquot, file at least one coating being situated on at least one of the electrodes or at a distance 
fiom said electrodes in case eifiier or both of fiie electrodes have a coating other fiian fiie 
coating exposing a first mCTiber of an interaction pair, 

flowing means for unintemqpted flowing of solution and the test solution aliquot 
to, and tbrou^ the cell compartmwt of eadi of the individually specific cells via the 
connecting station; and power and measurement m^ms fi>r individually oscillating the 
piezoelectric crystal(s) in each of the cell compartments and measuring a change in oscillating 
characteristics of the crystal(s) following int^action between the first member and the second 
member of flie interaction pair to therdiy detect presence of flxe individual analytes in the test 
solution aliquot by the individually specific microbalances« 

Jn a presently preferred enAodunent of this aspect of the invention the 
individually operated piezoelectric crystal mioobalances are electrostatically and 
electromagnetically shielded fiK>m each other. 

In another embodiment the connecting station comprises coimection means for 
serial mterconnection of the flowing of fiie solution and test solution aliquot to and flirough 
file cell convartment of the individual cells, and in yet another embodiment tiie connecting 
station comprises connection means &r parallel connection of the flowing of flie solution and 
test solution aliquot to and through the cell compartment of the individual cells. 

Especially when the solution is a salt solution, the system of tiie invention may 
fiirthor comprise grounding means fi>r electrical grounding of tiie flow solution and the test 
solution aliquot to the cell compartment of each of tiie cells. 

In a prefmed embodiment of fiie system of the invention fiie connecting station 
comprises a connecting panel having an array of cell connecting receptors, each receptor 
conqprising a recqptor connector portion for mating operative engagement wifii a cell 
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connector portion, eachconnectorportioncomprisingapair of electric connecting ports for 
conmiunication with said power and measurement means and a pair of fluid connecting ports 
for communication with the flowing means. This is very convenient when the individuaUy 
specific cells are replaced with new cells, espedally when the cells are pre-prq)aied 

S disposable cells. 

In another preferred embodiment of the system of the invention the flowing 

means comprises a solution feeding and flowing unit having 

a pump for feeding and flowing the solution fiom a reservoir via a (first) flow 
line and a flow valve to a (seconcD flow Ime providmg a flow of ttie solution to, and through, 
10 each ofthe cell compartments; 

an insertion means for introduction of ttie test solution aliquot ida a (third) flow 
line* the flow valve and a flow loop to the (second) flow Ime providmg a flow plug of the test 
solution aliquot to, and througtu each of the cell compartments. The insertion means may be 
any suitable means providing the test solution aliquot to the (second) flow luie in a way tiiat 
IS does not interrupt the flow to the cell compartments, such as a container containing the test 
solution and a tube inserted into the solution and via a valve connected to the flow loop or a 
syringe holding the test solution. 

In a preferred embodiment of the system of the invention, the flowing means 
forther comprises a dually functional pulse dampener and degasser downstream of the pump 
20 in the (first or second) flow line. Such a dually ftmctional dampraer and degasser may be one 
that has a flow inlet, a flow outlet and an otherwise closed room which has, in addition to the 
flowing solution, a volume of entrapped gas or air. The volume of strapped gas or air is e.g. 
a thurd to half of the volume of the room 

In a presentiy preferred embodiment of the invention the first member of the 
25 interaction pair is an antibody reversibly bound to the coating and the second member of the 
interaction pair is an antigen present in the test solution aliquot 

Another aspect of tiie invention is directed to a multiple piezoelectric crystal 
microbalance device comprising a coxmecting station for receiving and individually operating 
an array of piezoelectric crystal microbalances comprising: 
30 a connecting panel having an array of cell connecting receptors, each receptor comprising a 
receptor connector portion for mating operative engagement with a cell connector portion of 
each piezoelectric crystal microbalance flow-through cell, wherein 
each receptor coimector portion conoprises 
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a pair of electric connecting ports for conununication with a power and measuranent means 

for oscillating a piezoelectric crystal carrying two electrodes in a cell compartment of one 

operatively engaged flow-tiurough cell and for measuring oscillating characteristics of tiie 

piezoelectric crystal; and 
5 a pair of fluid connecting ports for communication with flowing means for flowing a solution 

and a test solution aliquot to, and through, the cell compartment. 

In a presently preferred embodiment of the multiple piezoelectric crystal 

microbalance device according to the invention, the individually operated piezoelectric crystal 

miciobalances are electrostatically and electromagnetically shielded from each otiier. 
10 In anofh^ embodiment of the multiple piezoelectric crystal microbalance device 

of the invention, the cormecting station comprises cormection means for serial interconnection 

of tiie flowing of the solution and test solution aliquot to and through the cell compartment of 

tiie individual cells. 

In yet another embodiment of the multiple piezoelectric crystal niicrobalance 
IS device of the invention^ the coimecting station comprises cormection means for parallel 

cormection of the flowing of tiie solution and test solution aliquot to and through tiie cell 

compartment of the individual cells. 

In still another embodiment of the multiple piezoelectric crystal rrdcrobalance 

device of the invention, the device further comprises grounding means for electrical 
20 grounding of the flow solution and the test solution aliquot to the cell compartment of each of 

the flow-through cells. 

Yet another aspect of the invention is directed to a method of detecting several 

individual analytes in a test solution aliquot comprising the steps of 

providing a cormecting station with an array of individually operated 
25 piezoelectric crystal microbalances having individually specific piezoelectric crystal 

microbalance flow-through cells, wherein each cell comprises, in a cell compartment 

containing at least one piezoelectric crystal carrying two electrodes and at least one coating 

exposing a first member of an interaction pair specific for an individual analyte being a 

second member of the interaction pair to be detected in the test solution aliquot, the at least 
30 one coating being situated on at least one of the electrodes or at a distance firom said 

electrodes in case either or botii of the electrodes have a coating other than the coating 

exposing a first memb^ of an interaction pair, 

uninterruptedly flowing a solution and the test solution aliquot to, and through, 

tiie cell conq>artment of each of the individually specific cells via the cormecting station. 



individually oscillating flie pi«Koelectric crystal(s) in each of tfie cell 
compartmdits and measuring a change in oscillating characteristics of each crystal, 
a change in oscillatmg characteristics of the crystal indicating interaction between the first 
member and the second member of the interaction pair, 

thereby detecting the presence of the individual analytes in the test solution aliquot by tiie 
individually specific naicrobalances. 

In an embodiment of the method of tiie invention the flowing of the solution and 
test solution aliquot to, and through, the cell compartment of each of the individually specific 
cells, is arranged by serial interconnection of the conqsartments, and in anofh^ embiodiment 
the flowing of ibe solution and test solution aliquot to, and through, the ceU compartment of 
each of the individually spwific cells, is arranged by parallel connection of the compartments. 

In a presently preferred embodiment of the invention the first and second 
members of the interaction pairs are antibodies and antigens* Preferably, the several 
mdividual analytes in the test solution aliquot are selected fix>m explosives and narcotics. The 
explosives may e.g. be selected fix>m the group consisting of trinitrotoluene (WT), 
dinitrotoluene (DMT), hexahydxo-l,3,S-trinitro-l,3,S-triazine (RDX), octahydro-1, 3,5,7- 
tetranitro-l,3,S,7-tetrazine (HMX), pentaerytfaritol tetranitrate (PETN), and nitroglycerine 
(NG), and the narcotics may e.g. be selected firom the group consisting of cocaine, heroine, 
amphetamine, methamphetamine, cannabinols, tetrahydrocaimabinols (THC), and 
metfaylenedioxy-N-methylamphetamine (Ecstacy). 

The invention can also be utilized with cells containing two or more crystals 
Mdth electrodes or a crystal with two or more electrode pairs thus providing a cell with two or 
more separate microbalances, which can be used for specific detection of more than two 
separate analytes. 

The invention can also be utilized with cells comprising coatings that have two 
or more different first members of interaction pairs for detection of at least one of the 
corresponding second binding partner analytes, e.g. if only detection of any of a number of 
analytes need to be detected. This is e,g» useful when screening of the occurrence of any of a 
number of analytes, such as several narcotics or explosives, is made at the same time. This is 
also the case when the coating is divided into two or more discrete patches, each comprising 
dififerent exposed first members of interaction pairs. 

The invention will now be illustrated by some drawings, description or preferred 
embodiments and examples, but it should be understood that the invention is not intended to 
be limited to the specifically described details. 
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BRIEF DESCRIPTION OF TEiB DRAWINGS 

Fig. la is a diagrananatic view of asoisor Systran acc(»ding to fli6 
a test solution inswdon stat^ 

Fig. lb is a diagrammatic view of a modified sensor system acooiding to the 
5 invattion in a solution flowing state; 

Fig. 2 is a view showing a connecting &ce of a smsor cell used in tiie invoition; 

Fig. 3 is a view showing a face of a sensor cell opposite to that of Fig. 2; 

Fig. 4 is an inside plan view of the vqpper cell half shown in Fig. 2; 

Fig. 5 is a plan view of a sensor oystal Qsed in tito inv«)tioi^ 
10 Fig 6 is a fiagmentaiy view, partly in section along plane 6 of Fig. 2; ■ 

Fig. 7 is anothitf view showing a soisor crystal used in Ibe invention; 

1^. 8 is a plan view of a connecting station according to the invention; 

Fig. 9 is a plan view of a connecting station of Fig. 8 receiving a battoy of cell^ 

Fig. 10 is a diagram diowing lie individual respoi^bftwo serially connected 
IS sens(M:ce^;atid 

■ Fig. 11 is another diagram duming die individual respimse of two serially 
connected sensor cdls. 

DESCRIPnpN OF THE PREFERRH> EMBODIMENTS 

A prefored mdKidiment of a j^ezoelectiic aystal flow cell 10, ^ch is a 
20 disposable cell and is suitable fijr a piezoelectric crystal microbalance used in «he invention, is 
shown in Figs. 2 and 3. The ceUlO has a housing 12 whidi may be assembled fiom a pair of 
injection^olded halves 14, 16 of plastics material The halves 14, 16 ar» pemumently sealed. 

The e^ does not need to have a square or c(»nered shape as shown but may 
suitably take odier shqies such as circular or oval (not shown). Further, Oe ceU does not need 
25 to be disposable nor permanemly sealed to fimction in the present invention. 

A rear &ce 20 of the houring 12 has a central connector portion 24 for 
connection to a power and measurement means. Le. power and measuremoit electronics. 130, 
and to a sohition flowing unit 70 (Fig. la) to be later described. The fiootfece 22 of the 
housmg is preferabfy provided with an identification matldng or label 23. 

The connector portion 24 has a pair of electric connector ports 26 and 28 flush 
with the rear fece 20 and a pair of fluid connector ports 30 and 32 projecting fiom flie rear 
fiwe 20. The connector ports 26, 28, 30 and 32 of the ceU 10 are adapted fiir operative 
engagement with leq^tive complementary shaped connector ports 122, 124, 126, 128 of 
eachof aplundityof cell receptora or connecting sockets 118 (Rg. 8) at a connecting station 



30 
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100 when the cell 10 is plugged into the socket 

In the embodiment shown in Fig. 2 and 4, the electric coimector pom 2^ 

comprise through-bores in the cell half 14- The ports 26. 28 enter a closed cavity 38 in the cell 
half 14 of housing 12 in aligmnent with respective connector patches 58, 64 of a sensor 
5 crystal 50 to be later described, received in cavity 38. When the cell 10 is detachably docked 
to the station 100 or 101, electric contact pins 1 14, 1 16 (Fig. 6) located in the ports 26, 28 
contact the respective contact patches 58, 64 and are electrically comiected to the power and 
measurement electronics 130 via the comiecting station 100 or 101 . The externally projecting 
pins 1 14, 1 16 may be permanently secured, optionally to the coxmectmg station 100 as 
10 mdicated in Fig, la, or to the cell 10 as indicated by phantom Imes in Fig- 2. The pins 1 14, 
1 16 can fiirlher be axially q)ring-loaded in a direction to securely contact the patches 58, 64. 
Other means of secure electrical contact to patches 58, 64 are possible. For example, the ports 
26,28 may be provided with conventional female conducting sockets (not shown) that are 
made to contact the patches whra the halves 14, 16 are assembled. In the prefened 
15 embodiment, however, ttie contacting pms 114, 116 are made easily interchangeable in order 
to eliminate decrease in performance due to wearing of the electrical contacting sur&ces. 

In the embodiment shown in Fig. 2, 4 and 6, the fluid connector ports 30 and 32 
also comprise toough-bores in the cell half 14. Ports 30, 32 enter a closed, small volume (a 
few ^il) circular compartment 34 in cell half 14 of housing 12. A central portion of sensor 
20 crystal 50, an opposite wall 36 of the cavity 38 and an O-ring sealing 68 interposed tiiere 
between, defines the compartment 34. Compartment 34 is thereby fluidly isolated in the 
cavity 38 and prevents solution and test solution to reach the contact patches 58, 64. This 
arrangement allows the solution to be flowed through the compartment 34 via the connector 
ports 30, 32 in the direction indicated by the arrows in Fig. 6. 
25 The sensor crystal 50 (Fig. 7) is a piezoelectric resonant crystal 52, for example 

a high Q-value 10 MHz quartz crystal, having deposited on its opposite feces 54 and 60 
respective electrodes 56 and 62. By respective conductive paths 57, 63, each electrode 56, 62 
is electrically connected to the respective contact patch 58, 64 located on the common face 54 
of crystal 52. 

30 By applying AC voltage to the electrodes 56, 62 the crystal 50 will oscillate ui a 

shear mode wave, at a certain resonance fiequency. The resonance fiequency of the crystal is 
dependent on the crystal material (for example AT-cut quartz), its thickness, crystal surfece 
coating (electrodes and chemical coating), surrounding medium viscosity, electromagnetic 
disturbances, electrostatic disturbances as well as temperature and pressure. The principle of 
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detection is to stabilize the crystal oscillatioii fiom all the above parameters except for the 
chemical coating, which can then be monitored in a relative sense by logging of the resonance 
diaiacteristics in the power and measurement electronics 130. 

In the embodiment of Fig, 6, a backing plate 40 supports the c^posite fece 60 of 
5 the crystal 50 mounted in the cavity 38, To allow ttie crystal 50 to oscillate as fteely as 
possible in compartment 34, backing plate 40 has a peripheral rim or jQange 42 definmg a 
hollow space 44 opposite to ttie compartment 34. In a preferred embodiment, an alternative 
rim or flange 43 extends radially outwards to the edges of crystal SO to eliminate mechanical 
stress fiom the contact pins 1 14, 1 16 by support on the opposite fkce 60 of crystal. The 
10 support may alternatively be restricted to portions opposite the contact pins 1 14, 1 16 (not 
shown). Jn certain applications, to improve the resonant properties of the crystal, the isolated 
space 44 may possibly be filled with a viscous fluid. By appropriate dimensioning, tiiis closed 
design of the cell 10 wiU mechanically define the q>plied clamping pressure on the crystal SO, 
thereby eliminating variation in performance between sensors due to op^tor dependence. 
1 5 The electrode 56 facing the compartment 34 is coated with a coating 66. 

Generally, the coating 66 is adapted to interact, chemically or biochemically, exclusively with 
a matching particular chemical or analyte possibly present in the test solution 83 resulting in a 
slight change, increase or decrease, of mass of the crystals. In another embodiment, the 
opposite wall 36 in the compartment 34 is coated with a complementary or paired coating 46 
20 to supplement tiie coating 66 as a m^ber of a two-component system in order to activate the. 
cell 10 when exposed to the solution 75. In still another embodiment, tiie electrode 66 is 
coated by at least one additional coating 67 (Fig. 6) that, in turn, optionally can also have a 
complementary separate coating (not shown) in the compartment 34. By such alternative 
arrangements of multiple or paired coatings, a single cell 10 will be able to detect more than 
25 one particular chemical. 

The change of mass will slightly alter the oscillating characteristics, e.g. 
resonance firequency, of the crystal SO, which is detected by a compiiterized evaluation 
process in the power and measurement electronics 130. 

In operation, whCT each of one or more cells 10 is plugged into a connecting 
30 socket 118 of the coimecting station 100 (Fig. la and Fig 8), the crystal 50, electrically 
coimected to the power and measurement electronics 130, is oscillated at its resonant 
frequency. At the same time, a plug of test solution, i.e. a volume of aqueous test solution 
trapped between volumes of a solution 75 in fine caliber tubing, flows fiom the flowing 
station 70, throu^ the connecting station 100 and enters the compartment 34 in each cell 10. 
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The solution 75, which can be an aqueous solution identical to the test solution 83, has the 
function of transporting the plug of the test solution aliquot 83 to the cells 10. 

Accordingly, if an analyte matching the coating or coatings in the cell 
compartment 34 is present in tiie solution 83, file coating(s) will interact with the analyte, and 
5 the crystal 50 will change its oscillating characteristics, such as resonant frequency, which is 
detected aiid signaled by tiie power and measurement electronics 130 for fiirther use. 

As shown in Fig* 8, the connecting station 100 is conq>rised of a connecting 
rack or panel 112 having a plurality of connectmg receptors or sockets 118 for dockmg a 
corresponding number of cells 10. Each socket 118 may be shaped as a depression in the 
10 panel front and may have a dent 120 to mate with an indent 18 of the cell 10 to prevent 
improper orientation on insertion of cell 10 in socket 118. 

As shown in Fig. la, in tfie preferred embodim^, the sockets 1 18 of the 
connecting station 100 are serially connected to the flowing unit 70 in a manifold. More 
precisely, an inlet flow line 98 to the connecting station 100 will be connected to die inlet port 
IS 32 of a cell 10 in the first socket 118, and line segments 102 between each consecutive cell 10 
plugged into die station 100 will coxmect the outlet port 30 of a previous cell 10 with inlet port 
32 of the following cell 10. The outlet port of the last cell lOis connected to a waste reservoir 
106 through an outlet line 104. To avoid electric interference between cells 10 caused by 
electrically conducting solutions 75, 83, the solutions 75, 83 flowing in inlet line 98 and line 
20 segments 102 are possibly electrically grounded by groundiag conductors 108. To furdier 
avoid electric interference including electromagnetic and electrostatic disturbances, the 
individually operated piezoelectric crystal microbalance cells 10 are totally enclosed by an 
electric shield 109, for example a metal casing, as schematically shown in phantom in Fig. 3. 
Preferably^ other components of the system are also shielded 
25 In order to further eliminate cell-to-cell interfer^ce, the driving electronics of 

the power and measurement electronics 130 is tuned such that the liquid or flow side of the 
crystal SO is at ground potential. 

An alternative parallel flow connecting station 101 having a panel 1 13 for 
parallel coimection of the cells 10 to the flowing unit is diagrammatically shown in Fig. lb. 
30 While the connecting station 100 may be provided with valve means for 

automatically shutting ofif the flow to unused sockets 1 1 8 and direct it to the waste reservoir 
106, in the preferred embodiment all sockets of the panel 1 12 should be plugged with cells 10. 
If by any reason all sockets are not intended to be occupied with functional cells 10 having 
dififerent coatings for the detection of different chemicals, dummy cells 10* (Fig. 8) having no 
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coatings and OTStals fnit oofy fbs conoqpaitmeot and ports (not shown) for passing tiie flow 
fittOier.nu^beusedtooccivyantmusedsodcBtsandduecttheflcwtoflieiesavok • 

In liie embodiment of Fig. 9, «bae is dbrawn abatteiy 11 of nralt^le cells 10 in a 
conunon housing adqsted to occupy att sodcets 1 18 and having mutuaUy differ 
(not shown) on the electrode 50 and/w ccmipaitment walls. Optionally, <tee or mote cdls 10 
in file batteiy 1 1 dso be dnmmy cells 10% as dented. 

Retumii^ to Fig. la, the flowing unit 70 is conqiosedof a fluid distributing 
syston including flne caliber tubing and a vahnng having smaH dead vohmies to bandle the 
usualfy smaU volumes of test sohttion 83 that are obtained, for example by condensation of an 
ev^KiTBted volume of air that may contain the ana^ to be detected hy die sy^an of the 
invendcm. Example of tubing is standard HPLC PEEK or stainless steel tubing having an 
vaaac diam^ of 0.25 mm to adbieve acceptable sample di^tersion and yet not too large 
pressure loss in the system. 

Hie flowing unit 70 is designed and adqited to operate as follows: 
A valve arrangement comprising valves 86for loading and introducing the plug of solution 83 
between ends of die solution 75 is shown in two difiecent positions in Fig. la and Fig. lb. 
While other valves arrangements are conceivable to fiilfiU die desired fonctions, flie valve 
SGused in the prefened embodiment is a Cheminett ® Model C 6 Port Switching Valve 
marketed by Valoo iosbuments Co. Inc. The valve anangemoit 86 operates as follows: 

in the first position shown in Fig. la, valve 86 aUows introducing the test 
solution 83 to a loop 90 of tubing fiom an iiyector 82 via a line 84 to form the plug of test 
solution. At this stQge, valve 86 directs loop 90 to a waste line 96 until the injection of the 
plug of test solution 83 is completed so that a portion of the solution 75 in fiont of the plug in 
loop 90 is received by a waste reservoir 94. 

In die second valve position shown in Fig. lb, valve 86 connects die loop 90 
through a line 78 to a sohition feeding unit 72 comprising a reservoir 74 craitainiqg die 
solution 75 and a pump 76. 

It is very important diat die flow dnough die ceU compartments 34 has a steady 
flow widi Utde or no pulsations hi order not to affect die resonant fiequency of die ciystal(s) 
50. The pun^ 76. for instance a peristaltic pump, should dierefore have a minimum of 
pulsations. The pump is preferably a low flow rate (5-500ulAninX low pressure pvmp 
deUvering a stable flowpressore and flow rate. An important component of die feeding unit 
72 is a pulse dampener 80, which stabilizes die flow and reduces pulses fiom die pump 76 as 
weU as elimmates air bubbles m die flow. The pulse dampener 80 comprises a partiaUy fiUed 
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dosed container (volume about 2ml) for accumulating a volume of tibe flowing solution 75 
togedier wite a possibly pressurized com|n»^Ie fluid. 

In the second valve position, the plug of test solutton 83 is now trapped between 
volumes of solution 75. Valve 86 connects loop 90 to line 98. By cmitinuing action of punqp 
76 Oie plug of test sc^tttim in Hie loop 90 will now be introdncedio die connecting station 1 00 
and to the oonqKulniaits 34 (Pig. 6) of the ceOs connected to the panel 112 sudi that die 
analyte(s)posnbly present in tite flow wiilintaactwidi the ooatmgs. AtflusmMnent; also the 
power and measuremoit dtectnmics 130 starts flie detection procMS as desoibed. 

The flow line 78,90,98 may fiuther coaprise a particle filter to ensure tbat no 

possiUy dishnlmig particles in the sohxtions 75,83 enter flie cdls (10). 
EXAMPLE 

An analysis qraton was pr^ared £>rdi^lacem0Dt reaction surfiffic coath^ 
metal surfaces on electrodes of pi^deleettic oystals wifli Quar leqiective antigens that are 
derivatives of analyte antigens 0)at are to be detected. Each coating antigen has a weaker 
aflBnity to an antibocfy than tiie analyte antigen fai sohition. The coated crystals were inserted 
into die ceU housiog and tiieieafier docked to tiie flowing system. The pump was turned on 
and the pulse dampener was filled witii solution to half its vohune. The system was aUowed to 
stabilize during ten to 30 minutes, until die fiequenoy baseUnes had a drift below 2 Hz/hiin 
and a noise levd below 1 Hz. 

Antibodies (AB) of 0.02 gfl against die substances to be detected (analytes) and 
dw coating antigens were injected mto die ^stem widi die 100 m1 loop. Negative ftequency 
shifts of 50 to 200 Hz of die ccystals were observed at dieir respective AB-injection (see Figs 
10 and 11). When die antibodies had been loaded onto die antigeiM»ntaining coating on die 

metal surfices, die system was rea4y for detection. A sample^ contaming one of die 
substances (concentrations 10-1000 pg/pl) were ityected via die sample loop. As can be seen 
in Figure 10 and 1 1 die crystals widi die conresponduig antibodies received apositive 
ftequency shift of 5-50 Hz depending on die injected concentration. 

Fig. 10 shows die individual refuse of two serially connected soisor ceUs. 
Cell No. 1 is an amphetamine ceU and reacts on seniles containing amphetamme but not 
TNT. CeU No.2 is a TNT cell and reacts only at die presence of TNT but not amphetamine. 

Fig. 11 conespondstoFtg. 10 but is reversed. CeU No. 1 is a TNT cell and CeU 
No.2 is an amphetamine cell 

The relevant data in die detection of amphetamine and TNT using a series flow 
ceil system based on QCM (Quartz Crystal Microbalance ) technology were as foUows: 
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Flow rate:. 
Injection volume: 
Rubber gasket (O-ring): 
5 Antigenfcl(Fig. 11): 
Antigen fc2 (Fig. 11): 



lOO^L/min 
100 (iL 
Viton 5.8 
TNTPAG25 
Amphetanoine B002 



Abbreviatiox^: 



PBS Phosphate saline buffer pH 7.4 

10 TNT , Trinitaotoluene 

APH Amphetamine 
ABTNT Antibodies with specificity for TNT 

ABAPH Antibodies with spedfidty for Amphetamine 

15 The concentrations of ABTNT and ABAPH were 0.02 g/L. The concentrations 



of TNT and amphetamine are gtvea in pg^ixL. The ninning buffer was PBS pH 7.4. 



20 
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CLAIMS 



1. A system for detection of several individodanalytes in atestw 

(S3) wifli an doay of individual^ opoated piezoelectric crystal micrabalanc^, comprising 

a connecting station (100,101) for receiving and controlling an array of 
individoalfy specific piezoelectric oystal microbalance ilow-flinmg^ cells (10), uriierdn eadi 
cell (10) comprises a ceU compartment ^) coirtaining at least one piezoelectric crystal (SO) 
canying two electrodes (Si6,62) and at least one coating (66,46) eiqiosing a first membear of an 
interaditm pair specific for an individual analyte bang a second member of die intoaction 
pair to be detected in the test solution aliquot (83), the at least one coating bang satuated on 
(66) at least (me of die dedrodes (56,62) or at adistance fiom (46) said electrodes (56,62) in 
case eidior or bodi of die dectrodes (56,62) have a coating (66) other dian die coaling 
ejqsosing a first menober of an intraaction pair, 

flowing means (70) for unintompted flowing of solution (75) and the test 
solutbn aUquot (83) to, and throu^ die cdl conqmrtment Q4) of eadi of die individually 
^edfic cdls (10) via die connecting station (100,101); and power and measnrement means 
(130) for individually osc^ating die piezodectric ccyBtal(s) (50) in each of die cdl 
conqiartments (34) and measuring a diange in osdllatiiig ciiaiacteristics of die ciystal(s) (50) 
following interacdon between die first membo: and d» second taeaibac of the interaction pair 
to diereby detect presence of die individual ana^ytes in the lest sohition aliquot (83) by die 
individually qiecific microbalances. 

2. The systfan according to claim 1, wfaaein die individual^ op«ated piezoelectric 
crystal microbalances are electrosiatically and dectromagnetically shielded fiom each odier. 

3. The ^maccordmg to claim l.whodn die conuBCtingstadm (100) 
comprises connection means (1 12) for serial interconnection of die flowing of die sohition 
(75) and test solution aliquot (83) to and dnough die cell compartment (34) of die individual 
cells (10). 

4. The sy^em according to claiml,vi4ieKm die connecting station (101) 
comprises connection means (1 13) for paraUel connection of die flowing of die solution (75) 
and test sohition aliquot (83) to and dnough die cell compartment (34) of die individual cells 
(10). 
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5. . lliesystmnaccordiiig to claim l,fiiril)OTcoii^>zisinggio^ 

electrical grounding of tiie flow solution (75) and the test solution aUquot (83) to tbe cell 

compartment (34) of each of tiie cells (10). 

tf> The system aoooidii^g to claim 1, wherdn the oomtectiiig station (100; 101) 

comprises a connecting panel (1 12; 1 13) having an array of cell connecting receptors (118), 
each teceptor compridng a iecq>tor conneetnr portion (120) for mating <q>erative engagement 
with a cell connector portion C24)» each conned portion conqnising a pair of electric 
connecting ports (12^ 128) for conmnmfcatiwt widi said power and measurement means 
(130) and apairoffluid connecting ports (122, 124) for oommnnicaticmwitii the flowing 
means (70). 

7> The system aoconiiiig to claim l»\^eieintiie flowing nteans (70) 

conqprises a solution feeding and flowing unit (72) having 

a pump (7Q for foe(Kng and flowing the sohition (75) fiom a reservoir (74) via a 
flow line (78) and a flow vahre (8Q to a flow line (98, 104) providing a flow of the solution 
to, and through each of the cell compartments (34); 

an insertion means (82) for introduction of tiie test solution aliquot (83) via a 
flow line (84), the flow valve (86) and a flow loop (90) to the flow fine (98, 104) providing a 
flowplug of flie test sohition aliquot (83) to, and tiuough, each of tiie ceU compartmeots (34). 

8. Thesy8tanaccoidiitgtodaim7,foraiercompri^aduall^fimctionalpulse 
danapener and d^asser (80) downstream of tiie pump (76) in tiie flow Ime (78, 90, 98). 

9. A. sj^tem according to clannUiiiixaidn tiie first n^mbo- of foe mtrarac^^ 
is an antibody reversibly bound to flie coatiqg (66. 46) and tiie second member of die 
interaction pair is an antigm presoit in die test solution aliquot (83). 

10. A m«iWpIepi«oelectricayBtalnrici»balance device ccmipriang a connecting 
station (100,101) forreceivmg and individually operating an array of piezoelectric crystal 
micTObalances compriting: 

a connecting panel (1 12; 1 13) having an array of ceU connecting receptors (1 18X each 
receptor comprising a receptor connector portion (120) for mating opwative engagement witti 
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a cen connector portion (24) of each piezoelectric crystal mictobalance flow-through ceU 
(10),i»4ier^ - 

each receptor connector portion (120) coinprises 

apair of electric connecting ports (126, 128) for connnunication with apower and 
5 measurement means (130) for oscillating a piezoelectric crystal (50) canyingtwo electrodes 
(56.62) in a ceU compartment (34) of one operatively engaged flow-through ceU (10) and for 
measuring oscillating characteristics of the piezoelectric crystal (50); and 
a pair of fluid connecting ports (122, 124) for communication with flowing means (70) for 
flowing a solution (75) and a test solution aUquot (83) to, and through, the cell compartment 
10 (34). 

11. The multiple piezoelectric crystal microbalance device according to claim 10, 

wherein the individually operated piezoelectric oystal microbalances are electrostatically and 
electromagneticalty Welded fiom eadi otiier. 



15 



20 



25 



30 



12. The nniltiple piezoelectric crystal microbalance device according to clahn 1 1, 
\(dieraii the connecting station (100) comprises connection means (112) for smal 
mtercnmection of ttie flowmg of the solution (75) and test solution aliquot (83) to and 
throu^ ttie cell conq^artmait (34) of the mdiiddual cells (10). 

13. The multiple pi^electric crystal microbalance device according to claim 1 1 , 
v^ierein tiie connecting station (101) comprises connection means (113) for parallel 
connection of the flowing of the solution (75) and test solution aliquot (83) to and tiirough the 
cell compaitmait (34) of the individual cells (10). 

14. The multiple piezoelectric crystal microbalance device according to claim 1 1, 
flirtiier comprising grounding means (108) for electrical grounding of the flow solution (75) 
and tiie test sohition aliquot (83) to the cell con^>artment (34) of each of the flow-tiuough 
cells (10). 

15. A method of detecting several individual analyt^ in a test solution aliquot 
(83), comprising the steps of 

providing a connecting station (100,101) with an array of individually operated 
piezoelectric crystal microbalances having individually specific pieraelectric crystal 
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miat^alaiice fiow-iittoug|i cells (10), vrbes&a each ceil (10) comprises, in a ceU 
cova^ftatmaA (34)coiitaining at Irast one piezoelectric ccystal (SO) canymg two electiodes . 
(56,62) and at least one coating (66,46) ecposing a first monber of an interaction pair qpedfic 
fiar an individual analyte bdng a second menAor of die intmwtion pair to 
test solutitm aliquot ^3), the at least one «>ating bdng situated on (66) at least one of die 
electrodes (56,62) oriO: a distance from (4<Q said electrodes (56,62) in case d&er or both of 
die electrodes (56,62) have a coating (66) odier dian tbe coating e^^osing a first membor of an 
intfflnctionpair, 

unintem^tedly flowing a solution (75) and die test solution aliquot (83) to, and 
duough, the ceU compartment (34) of each of die individually specific cells (10) via die 
connecting statum (100,101), 

individually oscillating die pieasoelectric cry8tal(s) (50) in each of the cell 
compartments ^4) and measuring a change in oscillating duracteristics of each oystal (50X 
a change in oscillating charactoistics of die ci^al (50) indicating interaction between the 
first manbo'.and the second mraaber of die interaction pair, 

diereby deiectii^ the presence of the individual anafytes in die test sohitiim aliquot (83) by die 
individualfy ^leeific mioobalances. 

16. The method according to claim 15, wherein die flowing of die solution (75) and 
test solution aliquot (83) to, and dnough> the ceU compartmnit (34) of eadi of die 
individually specific cells (10), is arranged by serial huerconnection of die ooopartments 
(34). 

17. The mediod according to claim 15, ytbenm die flowing of die solution (75) and 
test solution aliquot (83) to, and durough, die ceU compartment (34) of each of die 
individually specifie ceUs (10), is ananged by parallel connection of die con^ariments (34). 

18. The medtod according lo claim 15, wherdn die first and second members of die 
interaction pairs are antibodies and antigens. 

19. The mediod according to claim 15, wfaerem die several individual amdytes in 
the test sohition aliquot ate selected fiom explosives and narcotics. 
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20. Hie method according to claim 1 9, wherein explosives are selected fiiom the 
group, consisting of trinitrotoluene (TNT), dinitrotoluene (DNT)» hexahydro^l^yS-trinitro* . 
l,3,S-triazin6 (RDX)» octahydro-13»5 J-tetFanitzo*13,S,746tnizme(E]MX), pentaeiythritol 
tetramtrate (PETN)^ and nitroglycerine (NG). 

21. The method according to claim 19, wherein the narcotics are selected fiY>m the 
groiq> consisting of cocaine, heroine, anaphetamine, methamphetamine, caimabinols, 
tetrahydrocannabinols (THC), and meaiylenedioxy-*N-metfaylamphetamine (Ecstacy). 
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ABSTRACT 

A system, device and method for detection of several indwidnal aiafytes in a test solution 
5 aliquot (M) with an anay of individually operated piezoelectric crystal microbalances are 
described. The system comprises a connecting station (1 00) flwt xecaves a phaality of 
individually specific piezoelectric crystal microbalance flow-trough cells (10). each 
contahung a piezoelectric crystal (50) carrying electrodes (56.62) and a coatmg (66,46) 
exposing a first member of an interaction pair specific fiw an individnal analyte being a 
10 secondmemberofthemteractionpair. Flowing means (70) flows a solution (75) and the test 
sohition afiquot (83) to and through a ceU compartment of each of Ae cells (10) via the 
connecting station (100). Power and measurement means (130) osdHale &e piezoelectric 
ciystal(s) (50). A dumge in oscillating characteristics of the cry5tal(s) (50), foBowing 




15 tiie individual analyte(s). 



(Fig. la) 
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